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ABSTRACT 


Both  the  'T«,  3.  Air  Force  ini  FAA  currently  use  James  Brake  accelerometer  to  men  Bure 
the  runway  condition  •fRGi?)r>nd  to  enable  tne  prediction  o'  braking  performance,  k 
new  irK-tbo d  hoc  bc-en  recently"  developed  -rAhflgrr.on  m»  tfrsrj^vhich  also  can  be  used  to 
predict  braking  performance  end  uses  runway  condition  reading -(•8£ft-)r as  a  measure  of 
ground  mu,  Thijn  paper  discusses  both  thc-RCdT  methods  and  mat  hod  of  pre¬ 

dicting  the  braking  performance .Q  It  is  fait  that  both  RCR  and  Anderson's  method  lack 
the  ingredients  necessary  for  use  lb  ]  pr**dic ti-o:  r  braking  performance  in  adverse 
wcath*'U.  Further  studies  arr  urges  to  develop 
dieting  airplane  performance.  \ 


»ns  of  monitoring  mu  as  well  as  pre- 


SUMKARY 

Runway  condition  plays,  a  -Ct.,1  role  in  adverse  weather  braking  performance.  Several 
jik  thorn*  of  measuring  runway  condition  are  currently  in  use  by  the  various  agencies 
in  USA  ad  abroad.  For  example,  the  U.  S,  Air  Force  and  FAA  use  a  James  Brake  Doeelero- 
tneter  (.?BI )  to  measure  runway  condition  (RCP).  An  FAA  working  paper  "On  Runway  Surface 
/end*,  *  ,  or.  Meai.url  *ig,  Recording,  .*  nd  Reporting"  (Appendix  1)  proposes  the  uhe  of  the 
RCR  method  fur  a.: resting  irport  runway  condition  for  use  by  the  Airlines.  The 
U.  S.  Air  Force  has  also  Irv-loped  a  method  of  assessing  the  ground  roll  using  the 
J3I>  asnessed  condition  (RCR)  of  runway.  During  a  recent  ANTISKID  FORUK  a  new  method  of 
predicting  braking  perform uc^  using  RCR  a-  a  measure  of  ground  mu  was  proposed 
(Ander.-on  method).  (See  Appendix  II).  This  p:  per  briefly  describes  both  methods. 

Boeing  test  d  ••  la  from  Ley  and  w,.*t  runway  tests  is  used  to  assess  RCR  os  well  as 
Anderror. ’ t  n- tbod. 

Use  of  Urn-o  Brek<»  De***;  Jerome!  »r  can  re  s  t  is  factory  for  dry  runways  as  well  as  hard 
picked  srow  .nd  .r„.  b'nd.r  c-lurh  md  flooded  conditions  the  RCR  readings  do  not 
correlate  too  well.  The  RCP  readings  -re  masked  by  test  vehicle  speed,  surface  texture, 
tire  dorign  and  ronci t ion  and  vehicle  suspet’o-ion  characteristics.  The  test  driver's 


noli  si  !»•  j<-(!  on  vis, til  ol&ervutlwn,  th«.r. 


occome  very  important  supplementary 


inform*  t  .on  to  ar  sur*  proper  'accounting  of  this  RCR  information.  The  Anderson  method 
RCR  us  n  meacu"  of  g:\Jr  1  ’-u.  Due  to  lack  of  proper  correlation  between  RCR 
an*]  ground  mu,  turn  is  ut,.;:*ilofaetory  .nform»*Ion.  The  method  further  applies  a 
graduated  cornct.o;.  to  lia-s**  .‘seised  ground  mu  values  to  *'Ccount  for  antiskid 
efficiency.  This  cor  r-  ction  is  .oir.«*w:  at  arbitrary  and  ignores  the  recent  advances 
i nt  .ski'd  techrolopy.  Th‘  apt ',*•?, i  lor.  of -the  method  to  >•*  few  Boeing  test  results 
fhowr,  thiv  this  method  lacks  the  r.e*ess‘,ry  ingredients  for  predicting  braking 
perform,*. 


It  is  irged  that  the  Industry  develop  more  meaningful  means  of  predicting  ground  mu. 
ru >  r  ,o"i  .  ..  iL-.o  ».•  eded  to  improve  the  adverse  runway  performance  of  antiskid 
yy;.t .-"s.  TV  r.<  th>  dr  of  rre  iieting  braking  performance  require  meaningful  valuer 
of  ground  .ru  *  nd  *  r.t i » i  efficiency. 


TNT.RQTinrrro?: 


With  tv 
•ire  *  .  IV* 


w*> 


sing  umb-r  of  Jet  transport  rlrcr&ft  operating  in  areas  where  runways 
or  sbi;  *-  covered ,  the  FAA  --nd  the  Airlines  are  oncoming  increasingly 


oi.c‘*r:.*.d  about  .1  rpl.,r.*  braking  performance  mder  such  conditions.  The  necessary 
{.'•vrevui . i  te  k  let •  rr, . nation  of  br  king  r-  rform.  nce  is  the  nssc.-sB^nt  of  runway 
rirf  ic**  t*t«  r.rtl  :s.  An  would  be  ex.-t-tV.  tr.**  far, king  perforraohe-  ir  5^p<yidcn»' 

ti  1  .'t>.  av.rber  of  variables,  "or*  of  these  v*,ri  ibles  can,  however,  bo  predicted 


Ir  ; 
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N<K'  AEPRODUCIBLE 

Kith  reasonable  degrees  of  accuracy*  The  one  variable  which  does. not  lend  itself  to 
easy  determination  is  the  tire-runway  friction  coefficient.  This  coefficient  (which 
is  often  termed  ground  mu)  is  dependent  on  speed,  pre-'sure,  tire. design,  properties 
of  trend  material,  tire  dynamic  properties,  tire  temperature  and  many  other  variable*. 
This  clearly  is  a  complex  problem  in  tire  dynamics.  Studies  are  presently  underway 
to  explore  this  aspect.  The  results  of  these  studies  would  materially  enhance  the 
antiskid  performance,  as  well  as  improve  ground  mu  measurement  and- landing  roll 
prediction. 

While  the  industry  is  engaged  in  developing  means  of  improving  brake  control  systems 
and  braking  performance  the  means  of  assessing  performance  under  adverse  runway  con¬ 
ditions  are  desperately  needed.  The  Federal  Aviation  Administration  (FA'A)  has 
proposed  the  adoption  of  a  system  of  recording  .and  reporting  individual  runway  con¬ 
ditions  using  a  James  Brake  inspection  Deceiorometer  (more  commonly  termed  JBD) •  A 
similar  system  has  been  used  by  the  United  States  Air  Force  since  i960.  Under  the 
proposed  system  (see  Appendix  I)  the  runway  surface  condition,  would  be  measured 
periodically  and  the  data  disseminated  xo  air  crews  by  the  various  radio  facilities 
connected  with  tha‘  airport.  The  air  crew  would  then  use  the  two  digit  number  to 
compute  a  corrected  landing. distance. 

An  evaluation  of  the  JBD  as  a  means  of  measuring  consistently  the  runway  surface 
conditions  w.c  conducted  concurrently  with  7a’  Air  Registration  Board  (ARB)  wet 
runway  refused  tak<  -off  performance  testing.  An  «*v->luation  was  also  conducted,  at 
the  request  of  Alaska  Airlines,  on  mi  ice  and  snow  covered  runway  at  Nome  Air  Field 
(Alaska). 

Th.->sc  tests  and  the  data  obtained  will  be  discussed  along  with  the  data  obtained 
using  ground  vehicles. 


DESCRIPTION  OF  JAMES  3PAKE  DECEIER9METER  AND  RCS  METHOD 

,  . — «  1  "!  -  ■  -  ■■■  ■  >  —  »  ■  ■  ■  '  .  ■—  *•*•**•*  m  ■  ■ 

The  instrument  is  basically  an  air  damped  pendulum  which  drives  ah  indicat orpneedle 
through  a  linkage.  The  needle  reading,  in  feet  per  second  squared  (ft/sec  ),  is 
directly  related  to  the  inertial  displacement  of  the  pendulum  during  the  decelera¬ 
tion  of  the  vehicle  in  which  it  is  carried.  Some  error  is  introduced  into  -the  reading 
of  the  JBD  due  to  pitch  down  of  the  front  of  the  vehicle  as  brakes  are  applied. 

The  procedure  used  in  determining  the  runway  condition  is  to  drive  a  suitable  vehicle 
along  the  runway  ir  question  at  about  cC-;0  miles  per  hour,  apply  the  brakes  firmly 
to  the  point  of  skidding  and  road  the  maximum  deceleration  value  recorded  on  the 
JBD.  This  is  done  at  5CC  foot  intervals  (or  other  suitable  interval  depending  upon 
the  logistics  of  a  particular  situation)  along  the  length  of  the  runway  about  BO  ft 
cither  side  of  the  centerline. 

The  average  of  all  these  recorded  values  becomes  the  Runway  Condition  Pending  Index 
(RCR).  * 

It  is  readily  apparent  th.it  choice  of  vehicle,  proper  suspension  system,  careful 
choice  of  location  for  installation  of  JBD  and  manner  of  sampling  the  runway  all 
influence  the  date  obtained. 

Having  selected  a  ve/  irK  with  the  de.aired  characteristics  and  established  the 
location  for  mounting  the  JBD  the  most  critical  part  of  performing  the  test  is 
establishing  the  call  bra  tier,  for  the  3yct"fR. 
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Figure  1  shows  a  J?.mes  Brake  Deceleromoter.  Prior  to  any  evaluation  *i  calibration 
is  generally  conducted.  During  73?  wet  runway  tests,  calibration  was  conducted 
using  a  tilt  table.  The  instrument  was  placed  in  a  tilt  table  and  indicated  decelera¬ 
tion  for  chosen  tilt  < ngies  was  recorded.  The  ideal  values  of  tilt  angle  and  decelera¬ 
tion  should  V>  ;,y  follows: 


Tilt  Angle 


Scale  Reading 
Ft/sec  . 


The  deviation  of  th*  instrument  from  the  ideal  was  obtained  and  plotted  (see  figure  2). 
The  instrument  was  mounted  or.  r.  piece  of  aluminum  plate  to  provide  a  firm  base  and  then 
placed  on  the  floor  of  the  teat  car.  The  JBD  readings  taken  during  the  tests  were 
corrected  using  the  instrument  calibration.  The  corrected  deceleration  was  then 
converted  to  an  equivalent  friction  coefficient  { /*-  }.  The  FAA  working  paper  which 
proposes  the  use  of  SCR  method  is  included  in  Appendix  I  for  the  convenience  of  the 
reader. 

The  basis  for  obtaining  this  value  of  /*-  is  next  discussed. 

For  a  body  moving  on  a  rough  surface  the  opposing  force  of  friction  can  be  expressed 
as  F  r  /<N 

■  ■  r 

_ »-  ^iRecTON  OP  kAOTIDftJ 

fyU.^ 

/  /  /  f  /  f  ■>  I  >  ill  II  7- 

The  dynamics  of  the  moving  body  can  be  expressed  using  Newton's  Second  Law  of  notion. 

F  --  HA 

where  M  -  nn*r  of  moving  be  ay 

A  -  acceleration  cr  deceleration  of  the  body  in  the  direction 
M  r  W/g  ■=  test  vehicle  of  motion  mass 

Thus  F  =  MA  -  V  A 

or  ii  i  A  —  ‘ 

-  ~ 

The  foregoing  thus  enables  the  determination  of  ground  mu  for  a  moving  vehicle  using 
JBD.  Since  all  wheels  of  the  teGt  vehicle  must  be  skidding  and  because  the  JBD 
reads  the  maximum  deceleration  encountered,  the  braking  coefficient  is  ideally  that 
at  incipif-nt  skid.  If  the  vehicle  does  not  possess  sufficient  braking,  realistic 
values  of  SCR  cannot  be  obtained.  This  was  apparent  when  on  Alaska  Air  line  bus 
with  torcue  limited  brakes  was  used  as  a  test  vehicle.  Several  other  vehicles  were 
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used  to  correlate  the  '*cl.Lclt.  te.t  r**ctlte  and  aoc>  pi-i*'e  agreement  *•<£  found1.* 


Wet  Rur.w: ;,-  Testing  v..t:>  Ground  Vcht-i-c  nd  Result  * 

The  '\*u.i br*.« t J os.  if  Boeing  Fi-Id  l:it.-rr.>-Hor.  (BET)  Runway  I7/7!  w«j»-  conducted  primarily 
for  wet  runway  refused  takeoff  performance  lusting.  T'.ur  the  JHD  '•valuation  wa« 
limited  in  the  scope-  of  it;.-  testing.  Tie-  acUr-l  >~.._Lu.or  tU<n  was  carried  out  using  a 
Miles  engineering  La bo rat or its  Friction  Trailer. 

Three  "OO-j.arJ  long  test  actions*  representative  of  to**  runv-y ,  were  loc  «t»»d  at  the 
TOGO  feet,  7000  feet  and'  pCGO  *‘f-*et  .•“'Raining”  st-t,oiir»  of  runway  If  and  .run*  cii'itely 
to  the  west  of  t’r»  cent  .rlihy* .  The  70*  f-t  t  and  NO1'  0  f-.et  reir lining  stations  were 
paved  with  concrete  while  the  "000  feet  renr.inj.ng  at  it  ion  w*  r  paved  with  *  spinal  t. 

These  three  test  stations  were  .artificially  wetted  u;  ing  •>  single  water  truck. 

Bemuse  oj  1  »nding  traffic  or  the  rur.w*  y  the  test  run-,  w.-rv  conducted  i.t  uneven  intervals 
behind  the  water  track;  then  the  V*BD  readings  were  inconsistent.  The  data  obtained  in 
shown  in  Table  I. 


The  J”.0  wan  again  evaluat-d  during  wet  runvy  refus’d  ikooff  performance  testing  con- 
ducted  or.  a  model  7^7-prr  airpl:  r.--.  The  test  aeaueru—  was.  begun  with  th«  srtd  ficirl 
wottis.g  of  FFJ  runw-y  1'f  with  eigH  w.it*  r  truck:.  The  run.-y  wnt  wetted  from  the  9°00 
fi*t*  1 -.'paining  st-'ticr.  to  fit  [- feet  ram  lining  :-t *’  1>  :nn  of  runway  1/.  Imnedi  -itc-ly 
Vllowing  the  wat‘T  t r  j . V. wr  th«  .-"ID  test  car.  Then,  after  the  airnl  ne  had  completed 
ire  HTO,  -anota- ;  JBD  t<  st  run  wa.  c*  r. ia-t-c.  A  plot  of  JBD  reading;-,  v-rsur  the  dir.tnrce 


u.-.ng  ct 


pc,  r-«  :.t  •  j  1  ,  flour** 


fey  Runway  Tart-  with  Ground  V*- hie; oc  end  A i rpl  »m  . 


Tr.e  procecart  .i  in  determining  rurwnjP  c^.l,  t  icr.  was  the  s:m**  ur  discut  sod  earlier. 
Readings  w*-  rc  t-kor  nt  feet  ir.l  rv  la  .long  th-  e.oti-e  1  -ngth  of  the  i.u.way,  about 
.?r  fa  ••*  .  _  tr.<- ;  -.id*  of  th>*  e.-jp  cri  mo.  The  *v>  r.aga  v  -ue  w«-s  treated  .as  tr.e  runway 
coroi a io::  re  ading  index  (RCH).  .v’nc-i.  n  mini'  nr  PCS  rending  of  1C  is  obtained  tr.e 
airfield  is  bypissed.  AT  ska  Airline  assumes  that  deceleration  rates  experienced  by 
the  tr,e~k  ar-  the  3«,nt  as  those  exp.  ri *-d  c.y  the  airplane.  Tlie  d-  la  obtained  on 
airclar."  (Boeing  ?;’?)  -nd  the  Aiar-k.-  Airline  panel  truck  &:»>  shown  in  Tible  II.  The 
re;  u  to  ~lt.-ar.ly  show  r«n< aural  I*  ugiverru-nt,  during  the  test  conditions  (on  hard  packed 
sno  * ) . 

As  a  result  of  dircussion  tins  far,  it  may  be  concluded  that  JBD  provides  &  reasonable 
means  of  predicting  surfac-'  condition  on  surf.  '~*'s  such  as  dry  runway,  dry  compact 
ice  ana  slightly  wet  runw-ys.  when  the  runway  is  slippery  due  to  presence  of  slush, 
prer.-r.ct*  of  puddles  cf  water  or  a  generally  flooded  condition,  the  readings  can 
often  b-  misle- ding. 

ANDERSON’S  MhTHPD  TO  PREDICT  BRAKE  SYSTSl  PERTOK-IANCE 

Anderson’s  ncthoi  uses  RCR  i.afo;-m-tion  -as  a  measure  cf  ground  mu.  Bring  en  empirical 
correct -on  tor  nnt  skid  efficiency  it  obtai rc  a  cor*a  ct-d  value  of  ground  mu.  The 
r r.t iv.-'ld  correction  accounts  for  individual  or  p-tired  wneci  control,  wet  or  dry 
runway,  module t—i  or  •  f f/or  cyst -m  <  tc.  The  method  as  proposed  by  Mr.  Anderson  of 


General  Dyn  ip.es,  . r, eluded  m  Appendix  IT. 
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Having  obtained  the  corrected  valu-s  of  ground  mu  for  the  rpeod  range  of  interest, 
the  braking  performance  Is  calculated  by  the  usual  methods.  These  calculations 
•account  for  the  various  airplane  pa  rum' tors  suer,  or;  lift  drag  weight  wing  ares  etc. 

An  Airplane  br -king  test  is  made  to  make  sure  that  calculated  numbers  are  conservative. 

Boeing  wet  us  wvll  us  icy  runway  t'\>Ls  w>*re  used  to  assess  the  accuracy  of  this  method. 
The  results  of  apj  lying  Anderson's  method  to  these  runway  conditions  are  shown  in 
App*-  nlix  III. 


The  end  result  of  Anderson  method  is  to  provide  ground  mu  versus  velocity  data  for 
wet  runway  '-no  n  effective  ground  mu  for  dry  or  icy  runway  which  cun  bo  used  to 
e:-iru’ut‘  •stopping  di.tncce,  Tht  eonmari-on  between  airplane  ana  calculated  ground 
ru  vnlu":;  l See  Appeniix  III)  cV—rly  nh8we  that  lh»*  Anderson  method  penalises  the 
ground  nu<,  or.  runw-*yr,  -*t  high  ■.;<•< ».  Is.  At  low  speeds,  the  resulting  mu's  are 

urr*  a’  a  i  • -*.  Trie  tupprt  <_.  ion  of  mu  valu  -s  m  high  speeds,  cun  have  serious  pay  load 
imp-lie*  Lion;  .  Tie*  suc'-esc  ur  lb**  method  d-p-nds  on  proper  determination  of  mu  and 
v-lid  inform*  tf on  on  the  ajtirkid  efficiency.  Thr-t-e  ingredients  are  missing  from 


this  r,t  thud. 


h-  Lnfliur.o  of  th'&e  variable  on  ground  a<u.  Antiskid 
!t>  .irpi  nt>.  Ev-*ri  for  *i  particular  uirpl  >ne  the 


NASA  oi  id’.  1*6  (ref.  1)  n,  vo  shown  poor  corr*-*!  •  t  j  on  between  KCK  readings  and  the  runway 
surf  i' .  Tl'e  r-mGor.s  for  U.s  .  r«*  tire  design  nd  t-sfc  spend.  The  tire  design  is  so 
effiri-nt  at  lew  pr—L.  l  . t  run  coapi-. t«»ly  mask  the  pavement  rlipperiness  for 
wet  and  ju-jel-’d  or  flood-.'1  rur.w  y  cor.diti  ms.  The  .rurf.ee  texture  can  also  influence 
the  readings.  Figcr'  A  shows  t! 
effi-'i-nci--!  v  ry  from  tlrpl 

antiskid  effici  :  cy  is  b-p-r.dent  on  r.  1  rgt-  ruirb-r  of  variables.  Surface  roughness 
1>*  LI..'  predorm-nt  vriible.  Other  variable..,  u.clud*  .>ynt<>m  component  conditions, 
tolerances,  L-'mi  er  ••*.>:  r-  daring  op^ratior,  ir.f-.u-r.c-.-  of  a  rosier  and  contamination  and 
br  *  !;*•  hr  .r.  A  no'-ruro  of  art '  .kid  -fib ci-.aey  for  til-  v  rious  available  mu  conditions 
can  b-  oct  ii.-d  from  tee-  labor- Lory  i**st -.  This  d'-ta  -long  with  available  mu  data 
may  e»rvc-  a-  •  gut d-  for  ‘he  v.ricu,  niriinet.  It  c.urt  be  recognized  that  ideal  runways 
do  net  exist  .«nu  mu  valu-s  v-  ry  over  a  wioc*  range  on  the  same  runwuy.  The  runway  may 
be  dry,  wet,  flooded  and  icy  or  jIjl  at  the  ..-.me  time,  ft  could  be  wet  and  flooded 
or  just  flood  -a.  The  above  ir form  .Lion  could,  of  course,  be  applied  more  easily 
to  *.  uniform  runway.  The  non-uniform  runway  conditions  impose  a  severe  penalty  on 


antiskid  op-rM  lor.  and  h*»v».  to  b-*  recognised. 


It  is  realised  ch'  t  u  nv'-j  does  exist  to  make  firpinrie  ground  handling  safer.  Further 
industry  investigations  •*  re  n-*- dec,  however,  to  develop  means  of  measuring  surface 
traction  or  av uilabi-  ground  rai  nor-'  realistically.  In  the  meantime  further  work 
is  also  necessary  to  improve  -antiskid  system:  .  The  av  ili-'ble  mu  ns  well  os  the 
antiskid  efficiency  data  could  serve  as  a  useful  tool  for  airlines  in  planning  their 

route  ctructur-*. 


CONCLUSIONS 

1.  As  a  r*ault  of  .*•  review  of  literature,  v.-hi.  It-  and  airplane  test  data,  it  can 

b-'  conclude  i  that  RCil  provides  ■*  reasonable  means  of  predicting  surface  condition 
or  surfac-e  such  as  dry  runway,  di*y  campaci  ice  end  slightly  wet  runways. 

2,  Wh*-n  the  runway  is  a;  ipp-ry  due  to  present t  of  slush,  presence  of  puddles  of  water 
or  a  pens  rally  flooc-d  condition,  the  readings  oar  be  misleading. 


!>(5-5338Ji'i8Tr» 


}.  In  view  of  the  foregoing,  NCR  as  a  measure  of  ground  mu  is  presently  of  limited 
value. 


4.  The  And  -rson  method  utilizes  the  «RCR  as  well  as  empirical  corrections  which  are 
not  accurate  enough  to  predict  realistic  braking  performance. 


RECOMMENDATIONS 

It  is  recommended  th-t  industry  explore  better  me  .ns  of  measuring  ground  mu.  The 
methods  of  predicting  performance  th.it  account  for  known  system  performance  are 
also  needed,  in  this  respect  airframe  manufacturers  must  provide  continuing  support. 


REFERENCE; 

(l)  "P-  venwnt  Grooving  and  Traction  Studies'*  NASA  SP-5C7;  (Nov.  1^68) 


APPENDIX  I 

FAA  WORKING  PAPER  ON 

RUNWAY  SURFACE  CONDITION  MEASURING,  RECORDING,  AND  REPORTING 


1,  PURPOSE.  This  discussion  paper  provides  information  and  guidance  on  a  standard 
method  of  runway  surface  condition  measurement,  recording,  and  reporting.  The 
ultimate  goal  of  the  agency  is  the  establishment  of  an  industry-wide  integrated 
system  of  measuring  and  assessing  a  numerical,  value  for  runway  surface  conditions 
and  reporting  and  disseminating  this  information  to  all  users. 

2.  BACKGROUND.  The  operation  of  an  airplane  on  a  runway  surface  condition,  other 
than  the  certification  referenced  dry  surface,  has  been  of  significant  concern 
to  both  the  FAA  and  industry  for  many  years.  Operational  factors  have  been 
applied  to  dry  performance  values  to  afford  safety  margins  to  operation  on  other 
than  dry  surfaces.  The  tangible  identification  of  varying  runway  surface  con¬ 
ditions  to  the  airplane 'c.  operational  performance,  has  initiated  a  research  and 
development  program  for  this  purpose.  The  FAA  program  is  based  on  the  decelerometer 
system  which  has  been  adopted  and  is  being  successfully  used  by  the  Air  Force. 

a.  In  the  Air  Force  officially  adopted  a  system  of  measuring  and  reporting 

runway  slickness  using  the  James  Brake  Decelerometer  (JBD).  At  the  same  time 
they  instituted  a  method  whereby  aircrews  corrected  their  normally  required 
ground  roll  distance  for  the  JBD  assessed  condition  of  the  runway  taken  just 
prior  to  their  landing.  This  system  has  b**en  tested,  evaluated,  and  proven. 

b.  The  Air  Force  type  decelerometer  has  a  dial  face  marked  from  0  to  ?6  and 
referenced  to  feet  per  second  squared.  The  production  civil  model  of  the 
decelerometer  has  a  dial  face  marked  from  0  to  32. 2  feet  per  second  squared. 

It  was  recently  discovered  that  the  Air  Force  dial  face  was  incorrectly  marked 
and  calibrated  and  that  they  will  change  their  entire  system  to  conform  to 
the  0  to  l?. 2  scale.  Many  interested  parties  throughout  the  conterminous 
United  States  and  Alaska  have  heard  about  the  Air  Force  system  and  the  FAA 
proposes  to  adopt  a  similar  system. 

7.  RECOMM ENDATIONS ♦  In  order  to  encourage  consistency  in  data  acquisition  and 
dissemination,  0  vxta’  kry  in  the  success  of  the  JBD  concept,  -this  circular  is 
b'Mug  recommended  to  all  interested  parties  as  a  standard  method  of  data  acquisi¬ 
tion  and  reporting.  For  those  already  having  a  JBD  or  those  about  to  obtain  such 
a  cUvic^,  it  is  recommended  that  a  standard  method  of  data  acquisition,  recording, 
and  reporting  be  adopted. 

*.  C*  libra t  i or.  A  stable-state  instrument,  calibration  check  should  be  made  prior 
\n  initial  tooting  with  continuing  periodic  calibration  checks  to  insure  the 
validity  of  the  instrument  an.,  its  recording  capability.  The  instrument's 
inherent  design  affords  n  relatively  simple  procedure  for  the  stable-state 
calibration: 

(  L)  Adjust  lhn  Instrument  to  a  zero  reading  on  a  known  level  surface  (example: 
bench,  table  top,  or  design  mount}. 

(2)  Raise  or  tilt  the  instrument  in  the  direction  of  car  motion  pointing 
downslope,  holding  the  reset  button  in  and  tapping  lightly  to  some 
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(3) 


predetermined  angle  (example:  15,  30,  or  45  degrees);  ,;  „ 

Read,  the  fee t/sectoad/eecojid  scaling..  The  desired  angle  &ay  be  established: 
by  ne^ns  of  a  protractor  or  more-simply  by  a  draftsman’s  triangle.  A  civil 
instrument  (0  -  3?*  2  feet/seccnd^  scaling)  is.  in  .proper  calibration  if  ithe 
following  readings  are  observed:  i 


Angle 


Scale  Reading  Feet/Second^ 


0 

6.0 

10 

5.7 

15 

8;.6 

20 

lli  7 

?5 

13.0 

30 

18.6 

35 

22.6 

Ao 

27.1 

45 

32.2 

Acceptable  operational  tolerance  to  tin*  above  readings  should  be  no 
greater  than  -1.3  feet/second)  .  Instruments  not  meeting  phe  calibr. 


no 

greater  than  -i.p  feet/second",  instruments  not  meeting  phe  calibration 
tolerance  should  be  returned  to  the  manufacturer  for  adjustment. 


(4) 


For  those  who  have  and  will  continue  to  use  the  Air  Force  instrument 
scaling  (of  0  to  approximately  28),  conversion  readings  to  civil,  scaling 
(of  0  tc  3 2.2  feefc/secotur)  are  included  ih  apcfcioh'  (id).. 

(5)  Users  of  the  JBD  system  should  make  runs  on  clean,,  dry  pavement  to  check 
vehicle/decelerometer  readings.  A  reading  of  26  or  above  on  the  civi,-L- 
meter  (?3  or  above  on  the  AF  model)  Indicates  that  the  brakes  are  in 
satisfactory  condition  to  give  accurate  data.. 

b.  Operation 

(1)  For  most  reliable  results,  place  the  decelecometer  on  a  level  mount 

in  the  vehicle  so  that  the  arrow  containing  the  words  "Direction  of  the 
Car  Motion"  is  pointing  toward  the  front  of  the  vehicle.  * 

(2)  Level  the  decolerometer  by  means  of  the  screw  in  its  base,  and  tap  it 
with  a  finger  to  remove  static  friction.  When  level,  the  pointer  will 
coincide  exactly  with  the  left  horizontal  line  on  the  dial.  If  the 
pointer  is  above  this  line,  the  instrument  is  tilted  top  far  backward. 

(3)  Prior  to  recording  a  test  run  data  point,  be  sure  the  pointer  has  been 
returned  to  the  starting  (zero)  position.  This  is  done  by  pressing  the 
reset  button  located  on  the  side  of  the  case. 

(A)  Drive  the  vehicle  at  a  steady  speed  of  20  miles  per  hour  (steady  speeds 
up  to  ?0  miles  per  hour  may  be  used  if  runway  conditions  permit)  down  the 
preselected  portion  of  the  runway  to  be  assessed.  Apply  the  vehicle's 
brakes  smoothly  and  firmly  to  induce  a  full  skid.  The  pointer  will  record 
the  maximum  -  rate  of  deceleration  in  feet  per  second  per  second  occurring 
just  prior  to  the  skid.  The  braking  technique  used  is  most  important; 
and  while  a  smooth  and  firm  application  is  required  after  a  full  skid  -has 
been  recognized,  the  release  of  braking  should  be  immediate  so  as  to 
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prevent  a  full  stop.  Wherein  a  full  stop  is  experienced!  the  test 
should  be  rerun., 

(5)  The  pointers  position  should  be  read  and  recorded  upon  brake  release 
along  with  the  observation  and  recording  of  visual  runway  conditions 
such  as  location,  contaminents,  painted  areas,  uniform  or  patchy,  etc. 

(6)  Repeat  procedures  outlined  above  at  approximately  1,000-foot  intervals 

for  the  length  of  the  runway.  Under  patchy  contaminated  conditions,  tests 
should  be  made  on  the  most  representative  surface  encountered  within  each 
1, 000-foot  interval.  ; 

(?)  To  insure  that  the  values  obtained  are  meaningful  to  the  airplane's 
operation,  the  preselected  longitudinal  portions  of  the  runway  to  be 
evaluated  should  be  sufficient  in  number  to  be  representative  of  the 
various  types  of  airplanes  using  the  runway,  i.e. ,  down  the  center,  20  feet 
to  right  of  center,  20  feet  left  on  center,  etc.  Special  attention  should 
be  given  to  areas  of  known  contaminents,  such  as  painted  or  heavy  rubber 
deposit  areas,  and  appropriate  notification  made. 

(S)  Add  the  deceleroiaeter  readings  for  each  1,000.  feet  and  divide  the  sum 
,  by  the  total  number  of  readings..  This  average  will  be  known  as  the 
James  Brake  Index  (J81). 

(^)  Driver  training  is  the  key  to  successful  operation..  An  inexperienced 
or  careless  driver  can  negate  any  oenefits  which  may  be  derived  from 
this  system.  Several  persons  should  be  trained  in  the  use  of  the  JBD. 

Two  persons  should  be  in  the  vehicle  —  one  drives  and*  the  other  reads, 
records,  and  resets  the  instrument.  The  driver  should  be  cautioned  to  be 
alert  for  premature  wheel  lockups.  If  only  one  wheel  skids,  the  driver 
may  bell  ’n  he  has  fulfilled  the  tost  requirement;  however,  the  other 
wheels  h*>ve  not  developed  maximum  stopping  power  and  the  reading  will 
bp  low. 

(10)  Experience  can  only  be  gained  from  practice,  paying  particular  attention 
to  the  following: 

(a)  A  full  skid  must  be  developed. 

(b)  The  vehicle  must  not  stop  dr  come  to  the  "shuddering"  approach  to 
a  stop. 

(c)  The  skid  must  be  entered  quickly  but  smoothly;  "jamming"  brakes 
must  be  avoided.  The  time  between  applying  brakes  and  a  stop  is 
very  short  so  rt  takes  practice  to  perform  this  operation  smoothly. 

Reporting.  In  the  interim  proceeding  the  official  adoption  of  a  complete 
workable  system,  it  is  suggested  that  average  J3I  readings  and  the  associated 
runway  surface  condition  be  disseminated  as  widely  as  possible  to  all  pilots 
so  that  they  may  become  familiar  with  the  terminology.  Regard  JBI  end  RSC's 
(Runway  Surface  Condition)  as  an  appendage  to  an  hourly  weather  sequence  and 
any  specials.  In  the  future  they  may  be  as  much  a  part  of  the  Weather  obser¬ 
vations  .as  wind,  ceiling,  visibility,  etc.  JBJ’s  and  RSC's  should  be  reported 
to  airport  weather  stations,  control  towers,  approach  control  facilities, 
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centers  and  flight  service  stations  which  serve  the  airport.  Wh.eh  runway 
conditions  change,,  the  conditions  previously  reported  to  these  agencies 
will  be  revised  or  cancelled  as  appropriate.  The  JBI  should  be  reported 
in  two  digit  numbers  between  0  and  JO  based  on  the  0-3?.?  scale  and  should 
be  followed  by  the  R3C  code  which  should  be  reported  in  the  following  mi-nner. 

(l)  WR  -  Wet  Runway 

(?)  SLR  -  Slush  on  Runway 

(3)  LSR  -  Loose  Snow  on  Runway 

(4)  PSR  -  Packed  Snow  on  Runway 

(5)  IR  -  Ice  on  Runway 

(6)  P  -  Patchy  (to  be  used  in  conjunction  with  (l)  through  (5)  above. 

(?)  Sanded  -  indicate  sanded  runways  in  clear  text  at  the  end  of  sequence. 

“P"  may  be  used  as  a  prefix  to  the  RSC  code  to  denote  a  patchy  condition 
which  may  adversely  affect  lateral  control  during  braking  of  some  aircraft. 
An  example  of  a  sequence  isi  R/W  35,  JBI  16,  PIR  Sanded. 

d.  Recording.  Ini>.rmr.tion  should  be  recorded  on  a  form  similar  to  the  sample  on 
tve  following  jvg-  >  based  on  the  0-3?.?  scale.  For  those  operators  with  on 
Air  Force  m**ter,  conversion  readings  are  listed  so  that  Air 
Force  dial  readings  may  be  converted  to  tho  0-3?.?  basis. 

CONVERSION  READINGS  FOR  AIR  FORCE  AND  CIVIL  DECELEROKETERS 


Axr  Force  Device 


Civil  Device 


2 

L.?5 

7 

C-.X 

* 

6.4 

c 

8.4 

8 

10.5 

10 

1?.5 

1? 

14.6 

]4 

16.8 

16 

18.9 

23 

?1.0 

?0 

?-..? 

22 

25.5 

?4 

:?.& 

26 

29.3 
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AIRPORT 


MEASUREMENT  OF  RUNWAY  BRAKING  TESTS 
(using  James  Brake  Deeeleroneter) 
0-32  FT/SEC2 

•  •’  LOCATION 


TEMPERATURE 


TIME 


DA  W, 


RUNWAY  SURFACE  CONDITION: 


(  )  Dry,  (  )  Wet,  (  )  Ponding  Water,  (  )  Frost, 
(  )  Ice,  (  )  loose  Snow,  (  )  Slush,  (  )  Patchy 


DEPTH  OF  MEASURABLE  CONDITIONS 


.{ estimated  to 
nearest  1/10  inch) 


RUNWAY 

RUNWAY 

RUNWAY  ,  .. 

_  ,  ' 

TYPE  OF  SURFACE 

TYPE  OF  SURFACE 

TYPE  OF  SURFACE 

«  -  ^ 

‘  APPROX. 

APPROX. 

APPROX. 

DIST.  FROM  READING 

'DIST.  FROM  READING 

DIST.  FROM  READING 

THRESHOLD 

THRESHOLD 

THRESHOLD 

Avg. 


Avg. 


Avg. 


REMARKS: 


RUNWAY  SURFACE  HISTORIES: 


RECORDED  BY: 
DRIVEN  BY: 
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APPENDIX  II 

ANDERSON'S  METHOD  FOR  EVALUATING  AIRCRAFT  SKID  CONTROL  PERFORMANCE 


1.  Dry  Runway: 

A.  Establish  Braking  Friction  Coefficient: 

(1)  Measure  Runway  RCR 

(2)  Compute  braking  friction  coefficient  using  aircraft  tire  pressure  and 
skid  control  characteristics  as  shown  by  the  following  example: 

Assume  RCR  =  25,  Then  the  friction  coefficient  actually  achieved  by  the 
RCR  measuring  vehicle  is  £5  =  .715  at  low  speed  (approximately  15  knots). 

Assume  aircraft  tire  pressure  -=  150  psi  and  RCR  measuring  vehicle  tire 
pressure  -  50  psi. 

From  Figure  52  of  NASA  Report  No.  R-64 
©  50  psi  =  .89 

©  150  psi  &  .75 

Therefore,  .75  *  .844  is  tne  fraction  of  RCR  measuring  vehicle  friction 

759 

which  is  achievable  on  the  aircraft. 

(.715)  (.844)  =  .£05  -  Low  speed  friction  potential  for  aircraft. 

Since  almost  nil  test  data  shows  that  the  achievable  friction  coefficient 
decreases  witn  speed  (NASA  TN  D-2770  for  example)  such  that  the  friction 
coefficient  at  about  100  knots  is  approximately  85  percent  of  the  low 
speed  (0-5  knot)  value  and  since  for  most  of  the  distance  traversed  by 
the  aircraft  while  stopping  its  velocity  is  in  the  high  speed  range;  reduce* 
the  friction  coefficient  to  85  percent  of  its  low  speed  v»lue  for  high 
speed. 

(.605)  (.85)  -  .51?  -  High  speed  friction  potential  for  aircraft. 

(If  desired,  a  friction  coefficient  vs.  velocity  relationship  could  be 
established. ) 


/$  =  /£  (%) 


Skid  Control  Performance  Efficiency 

-J 


Friction  Potential  for  Aircraft 


Friction  Achievable  by  Aircraft 
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?£«  is  a  function  of: 

(3)  Type  of  skid  control  system*  "Modulated"  or  ’’Adaptive," 
or  ON-OFF. 

(b)  Number  of  wheels  controlled  by  each-  brake  torque  con-  - 
trolling  circuit. 

(c)  Possible  pitch  control  requirements  on  aircraft  with 
bicycle  landing  gear  or  on  some  types  of  bogie  arrange¬ 
ment  landing  gears. 


For  usual  configurations  without  special  pitch  or  frequency 
control  provisions,  the  following  values  ior/j  are  recommended 
for  dry  runway. 

"Modulated"  or 

Number  of  Wheels  ON-OFF  "Adaptive"  Skid 

Controlled  Per  Circuit  Skid  Control  Control 
'(yc) 


1 

1.0 

..8 

.9 

2 

.85 

.68 

.765 

3 

.78 

.625 

.702 

4 

.75 

.-60 

.675 

For  example,  assume  modulated  skid  control  with  individual  wheel 
control :  =  .9 

h  i  (.512)  (.9)  =  .**6 

n 


B.  Using  the  braking  friction  coefficient  established  along  with  the 
aircraft's  aerodynamic  and  dimensional  characteristics,  compute 
stopping  distance  for  land-plane  landing  design  gross  weight  with 
brakes  applied  at  power  off  stall  speed.  Consider  appropriate  control 
surface  positions  and  pilot  technique. 

C.  Perform  aircraft  test  to  verify  that  actual  stopping  distance  is  not 
greater  than  the  above  computed  value. 


V/et  Runway: 


A.  Establish  Braking  Friction  Coefficient 
(l)  Measure  Runway  SOP 

(0)  Compute  braking  coefficient  using  aircraft  tire  pressure  and  skid 
control  characteristics  as  shown  by  the  following  example: 

Assume  RCR  ~  x? ,  then  the  friction  coefficient  actual  achieved 

by  the  RCR  measuring  vehicl:  is  17  =  .928  at  low  speed  (approximately 

19  knots).  ??. 2 
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vehi^  h?  '  f  tire  pressure  and  70  psi  RCR  measuring 
vehacle  tixe  pressure,  and  using  NASA  Report  R64,  same  ns  for 

fri 1.!rS-*^  10  the  frncUoR  of  HCR  measuring  vehicle 
friction  whicn  is  achievable  on  the  aircraft. 

(.525)  (.644)  =  .445  *  LoVs.  spc.ec}  friction  potential 

for  aircraft  • 

Compute  hydroplaning  speed,  y  {-  , 

*p  3  ^  ^  P  Kmo>t» 

v  9>r?5o 

\f>*  tip  knafe 

Assume  ^  k  ( Vp .  *5 

A 

-  Friction  potential  at  velocity  ;  V,  wet 
Establish  K  such  that  at  V  =  15  knots 

a  f/}  -  *«S)  fc  ('Kp-/S)xy.*  05* 

^  _  /  _  /  _ 

••  J  a  *  *  ^  .  "i 


Therefore 


C^p-'S)2  ~  ^Uo- IS f  (Js) 


tore  1  /  \2 

<&,*  C‘'J's--oS)(£f  +-°* 


,  *3e5 

W1A?-cr,f4!‘rti™  fT^  '  °°ms,ate  !i  OWctioa  Achir-voble 

irMsi;«  “  '1,aCU°"  °f  Kith  the  Allowing 

£  =  fii*) 

dkid  Control  Performance  Efficiency 
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V/here 


f  Control  Cl 


ol  Configuration  Factor 


Skid  Control  Performance  Ef-r? _ i.h„ 

a  evened  curve  as  a  function  of  ^./  for 
ir.divid-'il  wheel  control. 
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Recommended  Values  for  Control  Configuration  Factor 


Number  of  Wheels 

Controlled  Per  Circuit 

F 

C 

1 

1.00 

2 

.85 

*z 

.78 

u 

.75 

For  individual  wheel  control,  rm  as  a  function  of  velocity 
is  computed  and  presented  graphically  on  the  following  page. 
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SKID  CONTROL  PERFORMANCE  EFFICIENCY 
FOR  INDIVIDUAL  WHEEL  CONTROL 
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B.  Using  the  broking  friction  coefficient  estoblished  for  wet  runway 
along  with  tho  aircraft's  aerodynamic  and  dimensional  characteristics, 
compute  stopping  distance  for  londpiane  landing  design  gross  weight 
with  brakes  applied  at  power  off  stall  speed.  Consider  appropriate 
control  surface  positions  and  pilot  technique. 

C.  Perform  aircraft  test  to  verify  that  actual  stopping  distance  is 
not  greater  than  the  abov*~  computed  value. 
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APPENDIX  III 
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CORRELATION  OF  ANDERSON'S  METHOD  WITH  ACT'JAL~AIRCRA?T  TESTS 


The  method  proposed  by  Mr.  Anderson  was  evoi..  ..  tor  application  to  dry  tnd  wet  runway’s. 
Its  use  was  extended  to  .icy  runways  in  view  of  the  characteristics  of  ground  mu.  (The 
variation  of  mu  vi th  speed  in  reasonably  small  for  both  dry  as  well'  as-  icy  runway3)i 
The  results  arc-  only  meaningful  in  the  context  of  the  teats  considered  here  and  should 
not  be  generalized. 


CORRELATION  OF  ICY  RUNWAY  TESTS 

The  RCS  readings' wore  recorded  as  discussed  earlier  in  the  main  body  of  the  paper. 
The  average  value  was  12.7. 

'Die  friction  coefficient  actually  achieved  by  RCR  measuring  vehicle  Is  12.7  »  0. 395 

32.2 

Aircraft  tire  pressure  -  170  psi. 

RCR  measuring  vehicle  tire  pressure  -  JO  psi 

From  fig.  5?  of  NASA  report:  no  RhA , 

At  JO  psi  mu  -j  0.89 
At  370  psi  mu  =  0.?2. 


Thus  using  first  step  of  Anderson  method 


3  Is  the  fraction  of  RCR  measuring  vehicle  friction  which  is  available 

on  aircraft*0. 395  x  0.8 11  -  U.JPO.  Tins  in  the  low  speed  friction  potential.  Since 
on  •  n  icy  runway  the  mu  docs  not  v>  ry  significantly  with  speed,  an  85 %  reduction  used 
for  dry  runway  may  provide  a  measure  for  runway  tnu  available. 


i.e. 


0,320  x  0.89  ?  0.272. 


The  uctii'l  flight  test  distance  for  the  test  airplane  on  this  runway  condition  woe 
?8C0  ft.  Using  a  realistic  value  of  antiskid  efficiency  under  these  mu  conditions 
and  other  airplane  parameters  m  estimated  stopping  distance  can  be  calculated'.  To 
obtain  *9,o  -bf ve  stopping  dictanc* ,  however,  requires  an  antiskid  efficiency  of 
Thir.  is  v--ry  unreal  it  tic,  especially  when  actual  measured  values  of  antiskid  efficiency 
(udng  GAE  AkP  E( :  criterion)  suggest  much  higher  numbers  (  74V). 

Tills  simply  m-  -ns  that  the  RCR  reading  results  in  too  high  a  mu  value.  Even  after  use 
of  con.1  er*v*ti w  correction  factors  the  resulting  values  -are  not  realistic.  The  test 
condition.,  u here  ail  have  the  same  tr^nd.  For  the  runway  conditions  where  runway 
surface  i.  r.ot  conflict*  t  t  the  numbers  could  easily  be?  more  or  less  conservative. 

The  m^sr.ago  is  clear  that  the  Anderson  method,  using  RCR  as  «  message  of  ground  mu, 
doc  a  not  appear  to  r »  a  suitable  technique  for  predicting  braking  performance  on  icy 
runways. 


I 

r 


CORRELATION  OF  NET  RUNWAY  TESTS 


The  wet  rur.wiy'  d.  t’>  offers  :t  real  challenge  for  the  RCR  method.  For  this  condition  mu 
v  i’ies  with  sp<  ,-u.  However,  the  condition  of  lire,  surface  texture  and  speed  of  the 
t‘ v  hide  c  r.  di  mn-.k  the  dipplriness.  **’ACA  studies  showed  that  on  moist  end 
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slightly  wet  runways,  where  there  is  no  standing  water,  such  as  a  well  drained  runway, 
the  correlation  among  the  various  friction  monitoring  vehicles  was  pretty  good.  The 
capability  of  the  RCR  method  was  not  judged  to  be  particularly  good! 

The  Boeing  757  ARB  tests  are  used  here  to  assess  the  value  of  SCR  for  predicting, 
stopping  distance  using  Anderson's  method. 

The  average  SCR  reading  for  two  tests  considered  here  was  22.5  which  results  in  A  mu 
value  of  2?.  5  ~  O. 70. 

?2.2 

From  figure  52  of  NASA  report  no  R64 

At  j-0  psi  mu  £  O.89 
At  150  n... i  mu  t  0.75 

Therefor^  using  the  first  step  of  Anderson's  method  0.75  =  0.8444  is  the  fraction  of 

cT$9 

RCP  measuring  vehicle  friction  which  is  available  to  the  aircraft. 

Thus  iru.  1  vail. able  -  0.844  x  0.70  »  0.59* 


Now  hydropl  ming  speed  7^  =  9jp  in  knots 

Where  P  =•  tire  inflation  pressure  -‘9  x  \j  3 50  110  knot: 


/*Vu/  *  (A“*°5)  k  (vp"v)2‘+  o-oS 


If  K  is  ;jo  cst- hlished  th 


that  y*j>w  ''t  V  •  If-  V 


knots 


th**n  K 


(Vp-lS)x  (no-ts)‘ 


Therefore 

yApsU  *»  ^o.  s^-o.osj  t  (</o~v)z-f  -OS 

.  $4  (  n£zy)*+  0s  rwese  <uic.osa7Cp  values  are  -sw«m>k 

'  95  /  in  P<«.  5. 

Using  th<K»  v'lsico  of  corrected  mu  and  airplane  parameters  the  stopping  distance  was 
calculated  to  be  >760  ft.  The  airplane  stopping  distance  for  these  tests  was  ?40?  ft. 
For  th*-:*  tests  it  seems  that  mu  values  obtained  by  using  Anderson 1  r.  method  are 
highly  .  upprec  '.ed  at  high  speeds.  This,  however,  does  not  correlate  with  data 
obtained  from  the  -dr plane  test  results.  The  mu  value  determined  from  flight  test 
r*  suits  ir.  a  stopping  Jj. .A'  nee  of  2515.  ( -.c.. liming  an  antiskid  efficiency  of  100%). 

Tee  r,v.  c.-.ll  ..ffisi  r.cy  for  th:...  tent  evened  to  b-;-  clone  to  ?4$!«  The  stopping 
distance  was  1  e.q  c  dcul  -ted  uting  the  r.u  from  nirplenetesfc  and  applying  entiskid 
corrections  as  outlined  is  Anderson's  method.  Those  results  in  a  distance  of  5  125* 
This  turns  out  better  11  an  n-tnul  airplane  stopping  distance. 

Th*  di'c^op.-Hi-v  bet«f*e'i  t.ctu  >1  and  pred.ctco  v:  lues  of  distance  has  serious  payload 
pi nnli ti*.s.  Fcr  ex**iapii.,  if  the  predictions  of  this  method  were  to  be  applied  then 
the  or»rator  for  thin  uirpl-«:w*  may  h-.v-  to  ui.2o.ud  more  than  7500  lbs  to 

m th*  stopping  oiF-tun.**'  actually  demons t rated,  in  the  test  considered  above., 
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The  results  of  this  analysis,  therefore,  indicate  that  the  Anderson  method  does  not 
permit  the  prediction  of  stopping  distance.?  with  a  reasonable  degree  of  accuracy. 

Whereas  the  RCR  readings  /ire  of  questionable  value  to  assess  ground  mu,  these  do  provide 
some  measure  of  runway  condition,  especially  when  accompanied  by  notes  on  the  visual 
condition  of  the  runway.  It  may  be  noted  that  RCR  readings  do  reproduce  reasonably 
well  when  surface  is  dry  concrete,  dry  packed  snow,,  et  cetera,  its  reduction  to 
absolute  ground  mu,  however,  presents  some  problems.  Careful  control  of  variables 
may  improve  this  situation. 

TABLE  I 

BFI  RUNWAY  1?/?1  CALIBRATION  (WET  RUNWAY) 

JBD  JBD 


BECEL 

INST 

BECEL 

a 

CAR 

RUN 

TEST 

CORR 

CORR 

K 

SPEED 

1 

25.5 

1.6 

27.1 

.841 

27 

i* 

25 

1.6 

26.6 

.826 

28 

3 

2? 

1.6 

26,6  ' 

.826  . 

23 

4 

~3 

1.5 

24.;. 

.761 

26 

5 

25 

1.6 

26.6 

.826 

26 

6 

T>*M  CL 

1.7 

29.2 

.$08 

27 

? 

24. 5 

1.6 

26. 1 

.811 

26 

8 

24 

1.5 

25-5 

.792 

25 

q 

71 

s  **■ 

1.6 

32.6 

1.0 

24 

10 

?5 

1.6 

26.6 

.826 

— 

11 

<4 

1.5 

23.5 

.792 

— 

12 

24 

1.5 

25-5 

.792 

26 

13 

v 

1.4 

23.4 

.728 

26 

14 

2'.  5 

1-5 

25.0 

.778 

27 

15 

21.5 

1.4 

2.2.9 

.712 

24 

16 

*1.0 

1.6 

32.6 

1.0 

26 

i? 

■/O 

1.6 

31.6 

.982 

24 
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TA3LE  XI 

ICY  RUNWAY  TESTS  -  NOME ,  AlASKA 
AIRPLANE  -  BOEING  727-100 


Airplane 

Weight 

( lbi ) 


128^,00 


176000 
121500 
119000 
115100 
111500 
1 10X-0 


...  ,  Alnsto  MAX  BCR 

vondspeed  Airlines  FOR  Measured  on 
— ^SgJkg—  .  Ft/sec4  Airplane 


05 

ns 

Oh 


Ob 


09 

C8 


1? 

■1R 

12 

12 

12 

12 

12 


11 
1.1 
15 
lb 
lb . 5 
11. 5 


12. 5 


Touchdown 
Speed 
.Ft/sec 

190 

19  2 

188 

182 

1 8? 

159 


•*0* 


•  Brake 
Application 

172  ■ 
176 
171 
.170 
166 


175 


Ibo 


TEMPERATURE  -2°F 


Nosewheei  brak-s  on  for  Pun  I  through  5. 
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O  A  .  . 


*  asxm  tires 

—O—  S&LD  TREAD 
—  Rl6  TREAD 


•S  u  o 


?u?tft*£e  C 


'  *8b 


ground  speed  ~  mph 


VS/CT  AND  PUDDLED  RUNwA*/  -SURFACES 


•SURFACE  C? 


•surface.  C 


v>  -  □, 


GROUMD  SPEED  ~  MPM 


b)  FLOODED  S*JK«AV  SURFACES 


effects  of  tire,  teead  design  and  vehicle  speed 

AND  SURFACe  TEXTDfce.  ON  FeiCTlON  COEFFICIENTS 


PIG.  4 
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